


e Chemically reactive fluorine radicals
are produced Iin a plasma upon
impact on the CF, with an electron e-

| from the plasma

Plasma CF,+ e~ = CF;" + F 4 2e~

- CE,+e »CF;+F+e”

- Wafer
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e Chemically reactive fluorine radicals
are produced Iin a plasma upon
impact on the CF, with an electron e-
from the plasma
CF,+e” - CF;," +F 4+ 2e”
CE,+e > CF; +F+e”

e Fluorine radicals etch the Siin an
isotropic way, I.e. mask
underetching occurs

Si(s) + 4F(g) - SiF, (9)

Plasma
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e |f a carbon-rich gas like
octafluorocyclobutane (C,Fg) is
used, this can lead to deposition of

| (CF,).-type polymer chains

' C4Fs Plasma | e Theresult is deposition of a smooth

| fluorocarbon polymer passivating

film, rather than etching
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e [f an inert gas like Ar is used, there
IS no reaction with the silicon

Plasma

Wafer
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‘ ,.a=

Plasma

‘negative|voltage bias

TRF

e [f aninert gas like Ar is used, there is
no reaction with the silicon

e However, if a negative voltage bias is
applied to the wafer, Ar* ions are
accelerated towards the wafer and
remove Si by physical impact

e This leads to anisotropic etching, I.e.
there Is no mask underetching

e Also the mask will be exposed to the
physical impact and will be consumed
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Inductively coupled plasma (IGP] source

e RF coil (13.56 MHz) is separated from the
plasma by a dielectric wall (planar, cylindrical
or dome shape) + vacuum barrier

RF (CP ol e An RF current in the coil Induces an opposing
= RF current in the plasma, concentrated within

Diclectile. N a skin depth (few cm) of the plasma surface
wall B, | ® The plasma acts as a secondary of a

transformer with the ICP coll as the primary
e The RF current is carried primarily by thermal
electrons
e Rapid power transfer to the plasma by e-
neutral collisions

Substrate
electrode
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increasing the anisotropy by sidewall protection

H2 addition 4ssss ) O. addition

CoFs _ CiFto_Cofe CF: e Halocarbon-based plasmas contain
i etchant species (F, Cl, Br) and
ETCHING carbon halogen radicals (CF,, CCI.,
100 CBr,, 0<x<3) and have very low

POLYMERISATION spontaneous etch rate without

negative voltage substrate bias
1 Fluoriné — Carbon Ra3tio (F/C) of Ggs Phase o POlymeriC thm f||m formation

Etching Species d f : : F/C t
Boundary between etching and polymerization in CICases 10T Increasing ratio,

fluorocarbon plasma as a function of F/C ratio ion energy and flux towards the
(feed gas) and of the ion bombardment of the substrate (related to the substrate

surface bias), and the substrate temperature
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increasing the anisotropy by sidewall protection

H2 addition <4essss ) O addition

3 Cafs_CiFro_Cife CF: e Example: for a ratio of F/C=2.5 with
£ 200 eV ions, the horizontal bottom

- ETCHING surface of the feature will be etched,
o 100 but deposition will be dominant on the
g | PORTMERISATIOR sidewall, where ion bombardment is
r 1 : : : lacking

Fluorine — Carbon Ratio (F/C) of Gas Phase O ThlS reSU|tS in the absenCe Of

Etching Species d t h d : t :
Boundary between etching and polymerization in undgeretening and an anisotropic

fluorocarbon plasma as a function of F/C ratio etching profile
(feed gas) and of the ion bombardment of the e Adding O, increases the F/C ratio

surface e Adding H, decreases the F/C ratio
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Effect of adding H, to CF, gas

e Adding H,to the CF, gas decreases
etching rate, because fluorine reacts
with H so that carbon compounds
polymerise

e For 10% of H,, this results in the
absence of underetching and an
anisotropic etching profile

bias = -150 volts

Silicon Etch Rate

10 20 30
Percentage of H, in CF,

L ELE

Pure CF, etch gas 10% H, in CF, etch gas
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simple rules for choosing dry etchants

1. Fluorine-to-carbon (F/C) ratio

e Etching stems from fluorine, polymerisation from hydrocarbons

e Adding H, causes HF to form and the F/C ratio drops, leading to more
polymerisation and less etching

e Adding O, leads to CO and CO, reaction product formation, increasing F/C
ratio, leading to more aggressive etching

2. Selective versus unselective dry etching

e Polymerisation point of gas determines selectivity

e Decreased temperature, high H, concentration, low power, high pressure, and
high monomer concentration increase polymerisation, hence selectivity
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Loading effect

Photo Mo. = 158 Time :17:00

; . 3 — 30um EHT = 3.00 kv Signal A = SE2 Date 20 ar 0
1 = = . M

Mag = 41.81 K Hm EHT 2.00 kW Signal A = SE2 Date :19 Feb 2002 EPFL._CMI Mag= 557 X | | WD= 4 mm Photo No. = 999 Time :15:05:40
| | WwWD= 9mm Stage at T = 32.3 ° File Name = SOI1-1_01 fif ]

Scalloping effect Polymer deposition
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Etching of Al and Al alloys

Temp (°C)
=o1200 1280 1360 1440 1520 1600

e Al and Al alloys are used for
interconnection lines in IC fabrication

e Fluorine chemistry (used for Si and
SI0O,) doesn’t work for Al etch, because
the etch product AlF, has a very low
vapor pressure

e Chlorine chemistry is used instead

100 140 _ 180 220 260 e Etch product is AlCl,

Temp (°C) |
Vapor pressure of AIF,, AICl, and ABr, as function ~ ® Ysed gases: BCl;, CCly, SICl and Cl;

of T
(after D.R. Stull, Ind. Engr. Chem., 39, 517, (1947))

Vapor Presure (torr)
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e Chlorine-containing residues remaining on the
film sidewalls
e Moisture absorption leads to HCI formation
and formation of the Al corrosion product AlCl,
e More severe problem in case of Al-Cu alloys
sy etching, due to the galvanic couple between
e eegspes  Cu and Al
e Can be avoided by rinsing wafer in DI water,
Anisotropic etching of 1.5 pm AlSi(1%) on plasma ashing (O,) to remove PR and Cl
SiO,, after waiting 24 hours before atoms, restoring the passivating Al,O, layer,
stripping of photoresist or exposing Al to a fluorine plasma, replacing
Cl atoms by F atoms

e T F SR B W sy e T T T A = g T g e S e T L Tt T R S e
4 e A ol W TR 3 =y - = T L 3, iy e P AR Mg R T e L W
| ; LR e T - 7 £ g RS e -1 o B R g e N W T bt Ny ey e, TR A S Ry BA T
L L e W e e B R o e PR R N AT R RN R PP i My el Dl e WP N R R SR o

R g g
R LS . T e Py
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